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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light-emitting device of high performance which will not 
receive COD, even at a high output, while keeping a low 
threshold current and high performance. 
SOLUTION: In the semiconductor light-emitting device, 
a first conductivity- type clad layer formed on a 
substrate, an active layer with a quantum well structure 
formed on the first conductivity-type clad layer and a 
second conductivity-type first clad layer formed on the 
active layer are formed, a current block layer with an 
opening part formed on the second conductivity-type 
first clad layer and a second conductivity-type second 
clad layer formed in an inside of the opening part and at 
least a part on a current block layer at both sides of an 
opening part are provided, and the band gap of the 
active layer is formed larger than the band gap of an 
active layer in a current injection region at a center of 
an optical waveguide in both end parts of an optical 
waveguide. 
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[0 0 3 6] »is±©*att j ¥»iw«itt***'r*i. * 
fete. TOGMflRJIf&to&X £*>u— yfPSf^a 

[0 0 3 7] iS:«*1*-*^*e«»tt. *S*:7D-fe*iI«© 

*.tfjBi» (Zn),| (Sn) . U^?A (LI) ,« 
(Cu) &£*t*wrs*U&. *&, #*R»T©i*3as» 

*©«liu*«f <TKj*C*» 6 «. n fffl^AWS b < , 

0iJ;L«. III-VMEi|6»#fc*tl,TI4. ->Un> (S 
i) , yjUT-^A (Ge) , I (Sn) . mm 
(S) . -fek> (Se) . y~ )V)V (Te) &<!:, 1 1 —VI 

*MN»#fc#U-n;M« (N) , XX (CD 

ik-tzztifi-ezttMmw&LK. « (c 

u) , f (Fe) . ^UA (Cr) fc£©a»5c*. * 
m (H) »KIII-V«¥»#fc^UT»4. #D 

> (b) , Km (o) tzMfimmnz. 
[0038] mm® 4 o^<D*m®o)\i-tf>i? mill, 

T. ±E©# * UV>3W*«*fc«*.tt-f * >&A&£JS 

fcfc'b, ffix*;i/*-T»*wiHSR©*#i^*fi<» 

jJtSS£-r*©-C#*b<fcb>. flS14H2 3K 

^e>, aEA^££«s<b-c, «tt^©±a(caA^M 

MW£bTtt> y'j3> (Si) , (F) . T)l 

5x^7 A (AD . #n> (B) , (C) . £ 

m (n) . m (p> . mm (s) , at* (As) , #>j 
*a (Ga) ti.£mm-?&z>. y*-v&M<»m&ft 

6, JtgtfiDMS©'h$^B, C. F. Al, Sif» 
SLK 11 1 -VflS¥*flcK:ftAT*>«£, 

Tt*>ftlf»N, F. As. Al. GaiffS^K iljft 
YbfCfi. EJg^#b&^J&<. (H) . T)U> (A 
r) fc^fcttAffcEfcCfcO. *y 'J7©JSttfc¥© 

[0 0 3 9] $ 6 fc. *fH#4 0 ©Jg/jJct;: I/— tfiltfrn 

lt, ^wcigsi&fcb-ai.iiftbTt) 

<t^o £©**£«;. fiJlft;;S-e-5&g©fc^tt« (fx. 
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tf. mm&xmm ©stt)S2 3^©^-^K-t 

[0 0 4 0] ^*B»*t*©fcAC»jS-r*^lfi*it«l» 
©±fctt. «DS^6©*Mtt©Mfg|»it. 3?®®*t©«l 

[0 04 1] 7 p D-tA©!IiiJWt3 : .^l&J±T^fcJ6(C. fg2 
10 7 y FJf©T«-ffi#?£# 2 1 * 5 y 

K«2 4if bl>. Sfc. m2#mS^l 

FflOiK^JSSn&fca^ny^JBSXy^ 

®SS1?77 K12 4<h©JWClli£U:©X>y? : > 
if IHlfc Ml Af -5 C t $ 6 fcfiF i b 
[0 0 4 2] I7f>^lil2 6£bTtt. A 1 xG 
ai-xAs (O^Xil). 1 nyGai-yP (O^Ygl) & 
£1>mvf*>nZ. X->^>^|5fl±J12 6©jl^.«, ±pg 
<tLT, 2nraR±»SL<, 5 nmHlW 0*FS 
20 b^. TIEtLT. 5 0nmTOfflL<, 2 0 nm 
«T#cfc9$7-i:lA>. X.y9;>ifm±m2 6 ©agfyg 
tt. X^5 1 >^(cJ;0^l*3»5>l^*^tl5^ti!|#{C 
IHIRttA: < . »rta8te)i**JB«S n%*^tt« 2 ««S 

[0 0 4 3] **M©¥*#»Jtfi«*«J«-r*«ji«^' 
07?I2 7ti. *2ttilli?77 HJB2 4±C» 

30 [0 0 4 4] «8fE^P 7^12 7 ©«»tt**f*:-C*n 
«. WfcPBSSn&H. llt/D»J|2 7©>»^ftL 

3>^^ M14±ffi^^b^-r^©-eP>^^ Mfiiix 
&Ttf^-tV^j:i:©*iJ^*t*S. 

[o o 4 5] mgit-/D->^s2 7©jssfsptt. mmfu 

vt>Wi2 7 l;j*StltA 1 G a A s X(iA 1 G a A s P 
io <K<T3 (H@»f*^-r H*jfi) . u0J;3MSffCD 

ii»2itsi2i'77KitffliwMii «at^ 

□ 7? «*<{b^«l¥*«:©»^, TIEtt 0 . 0 0 1H± 
WSL<. 0. 0 0 3Sk±ifl£.X) JfSU<, 0. 0 0 
7K±^«t>ffSl/^. ±RH. 1. 0WT*W*b 
<. 0. 5£lT*««t»3»*b<, 0. lEHT**«fc»S 

±W'fSL<, 0. 3W±*t«fc0J7-*b<. 0. 7K± 
50 jWlfetfSLlr*. ±H»i. 3. 0HT«SL<> 2. 



(8) 



ftffl 2 0 0 1 - 2 0 3 4 2 3 



13 

5UrK#±9«'£b<. 1. 8&,T^mW(-^Ll\ 

[0046] ®2mmmm2?7y ^m^ohi&.mmm 

(C-T 4 ^ G a A s Sflsc i <D&? »^**«rT 4 
t. fiftitlTAIGaAsXftAIGaAsP, 
KliAlGal nPXHA 1 I nPSfflMCW 
JU>. A I G a I nPXfiA 1 InPtt, A 1 Ga A 

s xija i g a a s p ttt^T, m&mafim*. &?&m 

t?, BftAftttftflUtfUR'vetf'JOJMRftjl: (HCIjS 
a*T#*©T?»tltf, A I GaAsXteA 
1 GaAs P*a«-r***«»*bl>. fcfc*U A 1 G 
a A s XteA I G a A s P A 1 HLj&tfiA 1 A 

s Cifi<fcDf tf*fc»*&fcjS-r©T?. A 1 *&jfc©± 
KfiO. 9 5RT*«jf$l/<. 0. 9 2£lTA*J:Qff£ 
b<. 0. 9 0£TFMi'btiFgUt>. $2WI9??y 
KJfJ:0"btfa#f*fcf **K*«**J:4:*6, A 1 « 
j«©TIBttO. 3£t±AWiK. 0. 3 5£Uu&tJ:0 
0. 4£H±*«ft'b»SLV». 
[0 0 4 7] iiyn y i7S 2 7 tt« («fC«* 

fc<*fC. Bffr^. +v'J7 , jSSXtt^mi'*W«i:-5 2 0 

[0 0 4 8] WfaT?Uy9M2 7 (D^m^tt> flit 
(O. Cr, Fetttl * H-^) . 

ne2-r>cT)ffl*.^t)i±©^TnTS.-3T ; fej:<. mm® 

^. 0yX.fc£ f£ttH2 3t£fflt,MfflfrSm2«mS!&*^ 
ttS5SEtt©¥*#:». *«ttXSSU»«iB©^*flEJi©W 

fPSttO. 1 um$k±TZ3b%(K)tim 
£b<, 0. 5 um^±T*«©^J;0Sr-*bt». ^ 
ibT©1MX3££8!l3g-rfttf, 0. l~3«mM« 

s ajjr s ©aw * b ik 

[0 0 4 9]t»^a5»?I2 7»±«ltU. Ha 

«4 2rtfflM3«fctf*J>fc< i>bH>a»4 2ilK©m«tXn 
■y^J12 7±©-8KlC^&4J;'5t^2SmM^2^7 

y kji 2 9 a«#j«sn*. sb 2 mmmm 2t>?vYM2 

9«. ^PSIU 2©±fl«iB*-r ^TSt»fiOjRPffl54 
2©PSB©««^Py^Jf2 7±©-^C52ffi$nSJ; 

0 *Jt«&8S©Pi^g|5^©Jt^W^V»«G88fCgeai^fi«J 

2 igllSlifil 2?77K12 9 *<^PgB 4 2 ©PiK©«Sit 
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Xn s/£Jf 2 7 ±©-»* TBft3*l*«fc 3 ICJFMbfc 
5. 

[0 0 5 0] »23»«ffi3S2i/7y KJH 2 9 >J7 
»8S«, TPS*! 5 x l 0 i7cm-3«±jJtjy-$U< . 7 x 
1 0 i7cm-3«±*tJ;t)JT-S K. 1 x l 0i8cm-3^ 
±#** , fe#*U». ±RB«1 x l 0i9cm-3«T*WS 
b<. 5 X 1 OiUcm^morfSK. 3X10 
18 c m-3£tT^«t)>7-* b <^„ 
10 [0 0 5 1] »2*«SSIB2^5y KM 2 9©J5£tt, 
»< ft Of #4 <h^FJ bii©^T+»ift X) . JP< & O 

PgteO. 5 H raH±W$L<, 1. 0ym^±75Si»3 
±1814 3. O^mTOWSK. 2. 0 « 

[0 0 5 2] S(jftXD-yi7^2 7 i^2«m?S^2i7 7 
y KJi2 9*»j«bfc«K:*6fcil«*»j*-r*k:5fc4 
?>. ««*f»i©»ttffiSii*ffi«r*&*C. fiffitt 

20 tttc«S3 l£^j£bck?<hT4itJ:JH3t 

E©^#:tC3>^^ Ml 3 0 5MLfe3^.TtMi 
Oct b^„ 
[0 0 5 3] Z\<D£&. U>92 hM3 0©Wtt, 51 
7 y KW «fc 0 A*> K^V y "7****3 b>*m©it>A» 
SilJKU AJB«St©*-5yi'ttS«{-5&«)teffitt 
TjIS/cC^^ U 7"***^ *©j9*»* b^. U 7 
S, ! S©TP:i«. l x l o is c m-*SLtim* b < . 3 x 
1 Oi8cm-3J|y.±^j;Off *b<> 5 X 1 O^cm-sy, 
±*i«fc!ffibVi. ±(Sttx 2 x l 0 20 c m-sJEATrtW- 

30 SK, 5X l 0i9cm-3^T^±<?*?*b<. 3x1 
Oi8cm-3«T^II*>*7-£b^o n>^^h)f©Jf^ 
tt. 0. 1~1 OfimASjff^K, l~8jum!&s«t0i? 

[0 0 5 4] nffi7av2m2 7izBi&2tiZ>M 
PSIS4 2fC^^TUiig-r4. 
[0 0 5 5] mWi-/a>yi/S2 7©F^PSB4 2 {4. ±« 
(3>^i7 hJHRiJ) iOfcTfiiJ (ftttHfll) ©**VhS 

ZJC^©iSi)S) ©«^5»Sb^. ®^XD-yi7^2 

40 izmmmmm® ±tc^ 

<tZ.tifi-VfS^>. Sfc. «8S^nyJ;JB2 7SS«»36 

Jiffl**^©*«taAt>ffllWr4C:i*tt?**. dtlfc 
±0> ?l^fi»iS**r-r*»W««T©*fl: 

[0056] mm-Juyt>m2 7©^uai4 211. 

1$ S tr # fi b T l> -5 X h 5 -f f « © N P SB T' * o T *> i 
l> b , ~'Jj <Dm&& f ff ft b T If » -5 ©«SU 
50 f*fibT^ft^WPS|5T*-x>Tt>ct^. HDflS^PMtl 
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mu&m&mmz&vtzytammifi*. o esc* o . « 

t E $> £ Z t ffi-C * * . P S»©« jg tt E <7) «fc 5 &f il A 

&**i/&:#<&. mmsmzmcrm^^ir^zt^ 

[0 0 5 7] ^■7T>^KD*lBjtt, ^8it:/a>;>27|ifc 

±3 0° W'rtOA-|6l7!lW*b<. i7'&rt 
(D^|Bj^J;0W-*t<. ±2° £l>l*30^i6j*iSt)*T**L 
t>. Haffl5©*lRltt. S«<DiB*ffi3&* (10 0) 

©*g&. [0-1 1] £tclZ*:ntm&%.Jjfatf. *7 

7>if)u<D-jj\H}\t [oil] *i^sfctt-tnt«stf** 

ft*5> *^tt*(c*tiT r [oi-i] t^om 20 

-«W*i i i -vfe i i - v i^^tc43 
t>T. (10 0) ®<h [0 1-1] pstwusHc^ft-rs 

[ii-i] mafi. tn^nvixiiv i j^s^sm 
^gaT^^i'St [oi-i] ;£r&i£5t«rf 
[0 0 5 8] *%Hi©aiSSfil^tt±?2©§8PgK*« [0 1 

[Oil] -^|R)Xtt^n<i:^ H H H *«)t^{ilfi^*|6lC#^ 

tt*fefc-e--5dt*iT#, (10 0) (1 
11) B®Tte«£^£j&fibfcV><fc3£l-S££:an? 30 
^©i§£, (111) BS^IMtt5l2if 

fr*a^itfc«tO, (1 0 0) ffirolMSRttfeJC (1 

1 1) Bm->*>t£ZMmizb±ffimc3>?i7 bm&m 

[0 0 5 9] K«©ffl*fcJ:0. SWVT-f h®©*« 

*fflv»fc«^k:tt. WP^cQ#y:-5^ip]«. (o 

0 0 1) ®±T« [11-20] Xtt [1-100] # 
JTSbVi. HVPE (Hydride Vapor Phase Epitaxy) « 
Ttt£-SS©#lR]T*>J:^a*. MOVPETI1 [1 1- 

2 0] WiO^fSl/D. 

[0 0 6 0] *»W©*i»i*:563t«BSafi!W-rafclRL 

ft*»<t5tftttl«»6i'7y FJl^©ft©a<*-/£b 
ft^MffifS (COD) ^;^|B)±-r-5d<i:*ST#S© 
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tt. 15° WWJK, 1 7° jW±*ickt)*?*t 
<. 19° gUhtfftfeffSUV*. ±Ktt. 3 3° 
r/i;b<. 3 1° £TF0*J:Qfl : £l/<. 3 0° MTtfM 

[0 0 6 1 ] 'A\Z. mUVt^K) ft&fcfet Si, &tttfj 
T rwo«j i^o) WiS5. fcis. ffittHt*Sft^ 

□ v t> m t <Dm \z% 2 mmmg, wvvvm 

\z ifi WSttJH y £ JB t ©Eflfcft* d p tc 

[0 0 6 2] d plCOt^TW:. ±mit0. 3 0 /jmHT 
AWSK, 0. 2 0 wm&lWJ;0H-SL<, 0. 1 

5 MmJWT^feoit>Sr-*U^. TPSttO. 0 3 w mJ&( 
i«U, 0. 0 5 Mm«±^<k0*?SU<, 0. 
OTwmHl^oitiii^LK fc&'U ^fflilft 

temrnm t. ±te©ft>§iuisifc'>b 

[0 0 6 3] fflnB&ffliz&vzmnmmt, ±.m#i 

0 0(tmHTTS5Ci:WSb<, 5 0 /imKTT* 
5Ei#<fc9$T-$bV>. TISAU um£Jl±-C**Ct*« 
*TSb<< 1. 5 /imH±tfe5^i*U?)ff*L<> 

*) ic-rsfcje>(c«< k^-k©*? h^-^^txsra 

Z. ttfT'g-f, W©±Pltt 7 wmKTAWS b < . 

6 um&JFtf&K) Iff £ L^. 

[0 0 6 4] Ku/j»^«3K3i-r«icB, noaseaii: 
*5tt-s>P4Piiiw^^;<-r^>^<>: ^ss-e©3ie5gsfa«© 

b^. -tci-r, y-r >^*st*Sffifef«fjfi©^p«gw2 

*tfc«W*< b> »«ftia©Mn«Wl *Jt«WJ£<6: 

n\z-$mt% z ttfTg. m^mmtii t>«4»-r* ^ ta« 

T'#S (110 (a) ) . "TZsto-b. MS (^B8ffi) ti 
Wl {CO^Ttt. ±K^1 0 0 0 AtmKT-e*-5^i^* 
»$b<. 5 0 0 Mm^TT*-5^«t0jifSbl.». TPI 

lOOtfm^TTJbSCtWfiK, 5 0 «mKK 
**rt*t«t0JT-*b^. TPfi*«l /im£U:Tib5ut 
1. 5 MmEJI.±-C»?>^t*U0»S b 
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<. 2 tfm£l±-?*&££tft>'3£feff£ bu. 

Wl t^ifea51®W2©SfCOtiT«, ±IEH 1 0 0 0 <i 

miZ-D^Tlt. 0. 2Mm«±^T$b<. 0. 5#m 
«_L#,fcD$T*b^. 

[0 0 6 5] $6tcm ; E-K*->>^ ; &-H(C-rSfc 
J6tC«, SS^ilsW 1 ©±pgte> 7 wm«T7)W*b<, 
6 MmJy.T^ct«3j!T$bVi. 4>*:S|iitiSW2ro±pgtt > 6 

iWl t^&fflmw 2<Dmz-D\,*Tlt. ±Pgtt5ymK 10 
T#W-£b<. 3 Mm^T#JcD«r-i;L<, 2 ymSTF 
^feW-Sb^. TfKtC^Ttt* 0. 2MmJW_h*W 
SK, 0. 5 wm^^'ctO^-Sb^. 
[0 0 6 6] i^^ft^ftt^JtbOOf-A^RI^tCjfi 
V> U— tf <£it)3jc-r^fci*tC«. -bifid p <hW£iS3Jte$S 
IS \Z MM® &<M>sbZ>Z\ttf'&9!itt£Z>. 

[0 0 6 7] nBizm^-AzmmTzizi,^ ma<m 

lr». y^>m«ii^§4'^IS^W2$J:bi|iitl : l5;A 20 

< b. SSWffi^ttli(W^<^S«fc'51C't^C < i:lcJ; 

iS^^ttfett^T-SCli^T^^ (HI 
0(b)). irtzt)*,. (ftBflffi) iWl fCO^T 
tt. ±fg#U 0 wmOTTiSCtWSK. 5«ra 

fcJfSb^. TWO. S i±mVA±.T°$>Z>Z\iimf£V 
<. 1 ttmJi(,JiTS>-5C<hA«j;0*T-Sb^ o "f*S«*SW 
2 l:o^T(l ±PS*U 0 0 um&.TT'itb2>Z:£J)W:£ 
b<. 5 0/im6lTT<b^rt/iU»3!ff'SUK Tf8# 30 
1 wmKA±T'&?>c:i:^Tr-*b<. 1. 5 MmJM±T?fe 

t>Ji7-2:L^„ SSMIWl £**ftMsW2©MC-Dt^T 
Wu ±.m* 1 0 0 y m^TAW* b < . 5 0 urn^T** 
J;0*T-*b^o TPltC^TWu 0. 2/imtt±»S 
b<. 0. 5 Mmet±*i«tOJf * bl/>. 
[0 0 6 8] JiK©ttifi»#&*v>tt**!8$i\ «SIS© 

#©«£«> *ttttjti&&tt©£j£*t&. fn-fns- 

10(im*WiK, 1 0~5 0 Atm^«t0*fSbV5. to 
*»©fiSHu »PI|»S©«j&4*6 5~3 0 (im»i 
b<. 1 0~2 0 wm*i«fc0Sf*b^. fcfc'b, 
JfcbT. ^TOi-S^^^SSbTfeJ;^ 

(1) MM. «K9f»^ft«^»tlitt{S^(0Maffift«^ 
ttS S y yu«T*»* t is 2> t> ©. 

(2) t&*««*K«-a-rfc. «SI5£T 
*U8**WiiltM£bfc'b©. 

(3) ssffi©jtffl (»#. S5ffl*^oab (m^ffi) 
#]) mm a m&m®& % wmm-t % «t 5 t- b & t> 

©. 50 
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( 4 ) SSSJOT □ tStfflUSSBS £«S8B5 £TSfc« t> ©„ 

(5) ±K© (1) ~ (4) Olri<^S«l*d*)*fc 
*>©. 

[0 0 6 9] «S^fifit«ffiSKtta:t»«t'5»rb 

a. 

[0 0 7 0] *8BT©#S«a-|RlC*»**8«ifi««© 

Jttfco, — ft<fc9T*f*£8fH*4 or©»* 
im-r* tc b * vM@m?)5t©ii^x a- -fmrnw 

&Mi3:Zl'-1f®mo>&<t&W^TV£o. tZ.X\ M 
««4 0©ft3tt» THibT» l/imH±WSL 

mSKTAW £ b < . 3 0 m mWT*««k t> ff * b 
[0 0 7 1 ] fit«Btt4 Ott. PliSHKlC^atlT^S^ 

taw* b <^#. frma>Mm\ztztfMtfL2 nx & <t 

bK 

[0072] #3sw©¥*#f^£«*8!jaT*:#ffitt 
*5iw©«iafflfc-&sns. 

[0 0 7 3] #BW©¥W#fB3K8«£»i6-r*l8K: 

»#©3i^StCtt. W^^ffl/Sfift (MOCVD 
ffe) . »^Xtf^^->-fi (MBEffi) . /WF5-f 

k*« wjA^'f K«ffi)«fiSs (vpes) , nmi$& 

[0 0 7 4] *»tH©^*#*Jt8«©«a*ftt bT 
*TS«2 l±C»l»«ffli7 7?; K»2 2&tX» 
2 1?77K12 4 i?£ttJl 2 3 ^*T2>^V 

SMP bfc»T?^««ia:*ffl©fl:^«¥W«:JiSa*iriE 

2?7y Ki2 9*»jjaE-r«xes«*-r*it35»T# 
d©s?ja^©i¥ai^-e©ffi©8!!3g*ffifco^T 

[0 0 7 5] #Jf©Attft)Sfc-fi*##H. H©«1^ « 

s«©»tt*t:*i:Tiitts*«. mocvd?s 

5fflt>TI I I -V*<b^«|#i»#)B**ft-r4«^. 
^y^T-P^jfflH. fiESJSS6 5 0-7 5 OrigS. 
V/ I 1 ltt20~60gg (Al G a A s ©«•&) * 
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&W3 3 0 0~6 0 0@K (InGaAsP, A 1 G a 

(SS6 0 0~7 0 0t, V/I I IJt4 0~6 0gg 
(AIGaAs©®^) &£^W:3 5 0~5 5 omS. 
(InGaAsP, A 1 Ga I nP^) "Vffo <T>ifi 

[0076] »t««ijiasffltiTa«j«fi-r*ai5»**A 

1 GaAs, A 1 Ga l nP©<fc-5tCAl £^tJt|-S> 

^±^©# U.©*d«ftBfrjfr* £ 

$7£b^. A 1 ©*lj**«j65^ei:, *5WJ7X?i* 

mo&\zm®.J8.& : &'frz> CirbS'TV^i-F) ©£& 
IMC 1 igAgttlgTJPTSo -A'. HC 1 tfZ>V>mA 
m<&-rg%£A 1 G a A s m<Dl$.&&1&Z. e>t\ i£C 
¥**Jia*xv3 1 >4f£*iTb*'5tf« (X>y^>^i- 
K) A l M.tiZtf&<Zt3.Z,\ : 3.£m<Dl1i&3ift%-lS.£ 
Lfc^-a-. Xy^>:7i— FlCfc^OK&llfrHC 19 
AStttiJp-TS. £©£#, gjI&HC 1 iffAfiteMJ 
*3\H>7)l/5xtfA«;©A 1 fc^Afc'I I I^Mf4«»& 
^HSKA^Xftirr*. HC 1 ©Mi 

«tAimfc*l I I JKJHftfltl&i^ftOM: (HC 
1/1 I II) H. TIBttO. 0 1Hi***K, 
0. 0 5£i±^«fc0»*b<, 0. ltt±*sifc!i?*L 

b<, 5£tT*»«%>»SUV>. fc/fb. Inmft^ 
#>¥##Jf OftfC, HCliA) 

[0077] ^;i/-^»^a«iaEfik:ffiffl-rs«ttiK 

it, ffinWTfoZ Z. b < x jWfcftjKfct, S iN 

xl. Si OriR. S i ONg, A 1 2O3K. Z n O 

S i CJSl&.tfTi^rT.S i frBtzZffifribMiR 
t£tlZ. tttSfttt. vXi?t0tMOCVDft£«fflH 

5. 

[0 0 7 8] *36*0*aW*383te«*sp]fflbfc*»flE 
U— if««£bT\ mmmWmftM 013? A l GaAs 
» (ifcft 7 8 0 n miftfg) , AlGalnPi (jfcfi 6 
OOnm^iJ). I nGaN^ (ift4 0 0nmf 

®) ) . mmmmnytm (MincaAsPiswi 

InGaAsSgfilitSl. 3 Mm?fr. 1. 5/iiti 
ffir) V— !f, 77-f A-BSfflftS (InGaAsI* 
IfftFfittl/G a A s S«Sffl ^5 9 8 0 nmi£ 
& I n G a A s PS*t#FfiHtl/ I n P SSSffl 
W1 480n mififg&t') k— !ffedf©afgffl*## 
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tbT«T-g>Ci7!)tT#-5. 

[0 0 7 9] $ SIC. **WI4*»flEU— !f«#HC*iii 
ajfcSS&afroSStt^-f*-! 4 (LED) fcbTfcfcfflnl 

[0 0 8 0] 

^tt..*S5W©«W^6.i&Jttb^^(S»3iiS:^HTSc: 

ft fiaj t MISS t> ©T'tete 
[0 0 8 1 ] 1 ) ^MWc&l^T. 04 

■fMiz&m&Mtfi.-tz ctiz^v ¥mi*%Kmwz$im 

bfc. &J3H4 (a)~04 (e) iCte. tf?jfi£fflSb^ 

[0 0 8 2] f$3 5 (10 0) ®T?» 

5niGaAs (n = 1 X 1 0 18 c m-3) 1 0 1 _t 
K, MBEffilCcfcO. J93 2. 0 Mm©ng«A 1 0.35G 

20 ao.65As (S i K-^: n = ixi 018cm-!) ^6 
ft?.ni?77 FBI 0 2, 13 3 OnrafflGaAsit 
MV&tbm (y>F-7 p ) . J?£ 6 nm© I no.2G a 
ojAsffpf (y>K — :/) v J?£8nm©GaAs 
A* UTS (y>K-^) . JSS6nm©In».2Gac.8 
AsJfFi (7>F-y) StfJIS3 0nm©GaAs 
ftBJUii&Jf (y>h*-T*) SJfiJfcfflJibTfca^SS 
(DQW) ?§ttlil 0 3. ffita 0. lMm©p?S 
A 1 0. 35G ao. 65 A s (Be K — ^: P=1X 1 0l*c 
m-3) ftbfcZpmmi KSl 0 4. P$ 1 0 n 

30 mCpIGaAs (Be F-^: p = l X 1 Oi*c 
m-3) ft2X.y?->ifW&M 1 0 5, J?£2 0nm©p 
^1 no.49Gao.5iP (Be K— 7* : p=5X10"?c 
m-J) SlXyf^HltllOe, HSO. 5 um© 
nIA 1 0.4G ao.6A s (S i K-7 : n= 1 X 1 0 » 
cm-3) ^f,&5niiii57'D7i711 0 7, fSlO 
nraffinSGaAs (S 1 F-^ : n= 1 X 1 OUcra 
-3) ^a5nfi*t^^«108. SJfi&SUBbfc 
(04 (a) ) . 

[0 0 8 3] ««£SEA««&»J«-r*fc»K:. St*, d 
40 ©^;u>\^DStS©SHlzJ?$ 10 0 nm©S i Nx 
#MR«:/7XvcVDKJ;BJ<ittS-a\ 7* h'JV^ 
77W-(-«fc0 [0-11] B^r&llCX h^-rx^©!! 
PWSr**»J«bfc. ^£*5. [0 1-1] B^lfijta, - 
«W& 1 I I -V^b^#)¥^ftfC43^T, (10 0) 

mt (01-1) ffi<Dm\zi?tE?2> (11-1) 

V*7C**«iHn4ffi-C*4*K:ft*-r*. C©Xh^ 
^ttWQW<OW4 2. 2/imT- ^(Cb. 
-XP^SS«4 0 0 (jmtl/fc. ^F7-f7"«©in 

so ^±t^ckotcbT, *ffift«IJii 0 8Xtf««t^n 
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[0 0 8 4] 7s h^^ttWS i NxffiffK£ 

Il7»;tMf«')i'y hX-yg=->yfcb<(±S 
F 6 > CF4&<h*©#X£^;fcK^X^>i7'£fflt,> 
TBfc^Lfc. #fC, ^2X-y^>^pait^-CX-y^>i7' 
ffihT&i^lcbT. ±EHaSI5iaT (m8itaAM*Jc) 

X<y?>^tC e fcO»*b« ^h5^y«©8lO90i 
(S^Tlfc (14 (b) ) . 

[0 0 8 5] mz, zoy-f^T-nrnttLo^mzmz 

10 0 nm©S i N xi%mm*y°7 X^C VD iz «fc 
«Stf, 7*h>Ji/y?7-f-l:J:!) [0-11] 

isi*ft#3&iaifr*je»«©«WRi i o^j&bfc 

(04 (c) ) . ffi&ROS i NxftllNl 1 0©ft£ 
H7 0 0 »m. Wftt2 OjjmiL, JgjBttOfttSIS® 
tfS^lRlX^— Xl^|i§tt3 3 0 ura, »|fi]©X^.-XP B T 
PStt4 0 (imiLfc. 

[0 0 8 6] C©»0S i Nx«ggJBU 1 OCDmm 
fcMOCVDffiSrfflV»fca«iJ«fitJ:D, 0. 3# 
mOiSSSSp^A 1 o. 7Gao.3A s (ZnF-^: p = 
lxio 20c m-3) TMQoftWim 111. iSO. 2 u 
mCTyK-yGaAs^t'^il 12*5 8 OtT 

[0 0 8 7] Z\<D'&. |sJbMOCVDi£Sl*IT7X-;P 
(7 15*C, IWfFbI) ^^-TCtfCctO, pMGaAs 
«DS{StS^CD*®^e>0. 4wm<75^a*Tr, ?lt« 

(Zn) J£ffc£fTofc (04 (d) ) „ C©7X-;|/X 
SliTMittifclttJI 1 1 1 7^1112 ©HiR/Sfi 

I©£[^bMOCVD3£grtTjIj&bTft-ofc. C©fc 

T. **fii»ttBl4 (d) ^T^SWLfcWCtf 

©M^n7 7'fMA r XM'^^bfj:*^^-— vx« 
^^fCT^WbfctC^. XffifH^F (DQW) 
fSttjf 1 0 3fc*^Tjg»fc#fi£oT^*;i£a««9i 
bfc (HI 7 (a) . HI 7 (b)#HS) . inil. (~ 
1X1 0i9cm-3) ©Zn»»l;i0» Ino.2Ga 
O.gA s #FItGa A s A*»J TJIRcfctf-f KS C*5I^ 

t, wast* (-r>^-3^-»^) *^bfc^6T* 

S. "7* HU5*-vt>X (PL) ffifcfeUTffi 

tf-i7fe&^4 0 nmMSft (9 7 0 nmfr69 3 0 
^ty7"^ (5 5meV) bT<^£ £ &tfH9!l/fc 

-t^e>. tfjtttjstJSjffiwt^v^TSitBja 1 1 3*t 



(12) ^§3200 1 -20 3 4 2 3 
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[0 0 8 8] *{C. 7> K-^Ga A s+fy/l 1 1 
©X<;/^>i7'i&T7> H-^G a A s ^fA-y^H 112 

Rztmmm p si a u.?Ga 0 . 3A s ^MittttftM 1 1 1 
©& + * b . 7 y & * ©x y > tfmzz <o m m 

SpSA 1 o.7Gao.3A s^Wil0l^H£ 
b. p^GaAs^SffisIJll 0 5 ©SdSTX 
to f?±S-&fco £©&£. «»«©S i NxfiSggKl 1 0 

6. CF 4 &£©#X£ffll^;feK^-YX>y^>^£fflt,:>T 
1^56 bfc. 

[0 0 8 9] £©&. MOC VDffifCcfclDi?^ 2. 0w 
mOpIA 1 0.35G ao.65A s (Z n F — : p= 1 X 
1 0i«c m-3) *6)S5pSI2^77 KJI1 1 4M 
/P£3. OwmfflpIGaAs (Znh'-7": p=2X 

1 019 c m-3) fr<bUZ,Zi>i?Z> VM \ 1 5 
fc. 

20 [0 0 9 0] £©&, pl)0tI116$l*U 

*100/imST»<Ut»i:, nflilin^It 
b. Tn-fbfe (04 (e) ) . ZoVX^MLtcyx 

a-jc&i^t. 4 o MmiHroTM^/ffiWi^wet^* 
j; -5 tw^-y T'A'-tc^j d m u saffl^wdia v— 

5%-«i»9 5 %©#*Wo — >£f£lfibfc«, 

2 *»iCJ; 0 -v ytC^Sfi bfc. 5 1 >y V > 7 -> 

a >^>Tffl5£bfc&. 2 sr-eii^ii^ (CW) (C 
[0 0 9 1] r©«fc5lCUTf^Slbfc^— y*^©** 

SUb. fJ4 5 0mW*-f+>i7-7 , J-TA^j6 0 Ora 

w*-c t coDi±-rfC7ttu^75^#e.tife„ b^b. 

«jS-fi«¥^9 7 6nm, b#lMim?S«¥*£l 2 0m 
A. XP-T'jci^ti^lSlO. 8 5mW/mAT&D. ft 
« 14ttlPHtKA»T*ofc. 2 5 0mW|IJWtl:i5 

8. 5° TSofc. £<D£%, MSIi(3 2/irattTi 
##K/h3< £ 7t7T^A'-i©^fr 

ff^tt (7 0t. 2 5 0mW©ilig. KtUAiC«»t« 3 

ooo mmin±<D&femm trnztiz z. tmm b 

fc. Sfc. '®«ftA©fcii?)©B9P5 ! SSrX->^>^|!lJJ:)i 
£T©X-y? 1 >^tC<fcD0/&bT^-5;fc#. *^#?i£© 
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[0092] mm&\2) **&m&ttz&^x, as^ 

Lfco U&ms (a)-EI5 (e) (Ctt, Mj££fflHl^ 

[0093] 3 5 0 /imTSI* (10 0) ST* 
^nSGaAs (n= 1 X 1 Oi8cm-3) S«2 0 1± 
(C, MOCVD&^rK JS£2. OAtmcDn^AI 
ojGaojAs (S i K-y: n=l X 1 Oi8cm-3) 
frZtiZnmpyy KH2 0 2, JS£ 3 0 nmcOGaA 10 
s3raU&&6JS (/>K-y0 , P£6nmtf)I no.2 
Gao.8As#F*JI (y>H-^) , JP£8nmGDGa 
AsMUTI (y>H— ^) > @^6nm©Ino.2G 
ao.sAs^FJS (/>K-7 P ) Wf$3 0nm(DG 

aAs^p^ujA^^ (y>H-^) *je^a»LTac* 

-SifB^F (DQW) ffif_fcJ!2 0 3, J¥£0. 1 Mm 
COp^A 1 o.4G ao.6A s (Z n K — 7 : p= 1 X 1 0 
i8cm-3) /5^ft5pSil^77Fl2 0 4, 
0. 0 1 unKDpMGa A s (ZnH-^:p=lXl 
0i8cm-3) £aftf£Jf 2 0 5£M^«JBT*£i:K:<fc 20 
0, ^/Jl'A^DttiBftWrtl/fc (HIS (a) ) o 
[0 0 9 4] Wz, d<^y^;u^\-rPS«^^Btci?$ 
10 0 nmcoS i N xffilK^XTC VDtCj; 

"7* hU V^^^^-tCctO [0 11] A^IrJ 

5 (b) ) o JgJBttG>S i Nx«J8«(Dftatt7 0 0 m 
m, iBtt2 0/imtU JE»«©««K©«b&rax^ 
-XPAPBtt3 3 0 Mm, «E*lfi]<OX^-xraiHtt4 0 m 

[0 0 9 5] £<&jejgtt<BS i Nx«ig§?-2 0 6 (DJlffi 30 
iZMOCVDfeimWcMR&i&lZ&r)* 3m 
m(DgiMpiAlo.7Gao.3As (ZnH-^:p = 
lX1020cm-3) ^«%ffit^li2 0 7, jf$0. 2m 
m(07>h-yGaAs*t77l2 0 8%MJ&Lt£ 0 

[0 0 9 6] MOCVDglrtt7--;i/ (7 

1 sr. SrJTT 9* plGaAsIB 

#tgli2 0 5<B«BS*>6 0. 4^m«^ ^tttt 

(Zn) SMfcSfrofc (El 5 (c) ) . 
£oT, 7tttt»H5 (c) +T*W»S:«U/t««»Ctt 

0 2©rtfH5^Jibfc. C(7)<h^, SS3^ip)©tflflt^ r n7 
7-fMAr^7^lWe>t--^xifMftl:T 
ftttm^Ntiftk:. 07 (a) 2fctfH 
7 (a) iC^-TctiK-aa^F (DQW) ffitti! 2 
0 3l:*^TSSWfii:oT^5u(!:A^J5?L& 0 £ 
n»4, ifiiS (-1 X 1 Oi9 C m-3) WZn^MCJ: 
0, I na 2G auA s #F1 1 G a A s 

U^bTfe^o 7* h;i^*y-fe>X (PL) 

ttfc*t»TSttli*6«)***ft*ll!*Lfctc:*, Z so 
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iSfi^4 0 n mgjJEgft ( 9 7 0 n mfr> & 9 3 0 n mfc 
*y?1fi%-X (5 5meV) LT^6Ci#WWLfc££ 

[0 0 9 7] 7>K-yGaAs+t7^i20 
8, iS«IKp^A io.7Gao.3As^FMi%tem»2 0 7 

ymm<DJiv^>^mXT> H-^G aAs^t^i 
2 0 8RtfSS»ftpS!A 1 a7Gaa3As^Ftt«*t«JB 
2 0 7<&5&4»*TI*£U 7 78*0)x^^>^l;«t 
DiSiiS^p^A 1 o.7Gaa3As^««a;|[i2 0 7 (7) 
gUJSJfa&U p.*eGaAs^ffl«88B2 0 5tf)gfMT 
Xy^>tf&{?±21£tZ. C<Dfc£, m&VHDS iNx 
«2 0 6ft««7*»«fc£©9xy hx 7 f>^ 

[0 0 9 8] ^fC, SftC©^;^xPSffi<Z)^ffif3 
if $ 1 0 0 nm(£S i NxSIM^^^X^CVDCJ; 
0Jft«S-ti\ 7* MJyy^^-fccfcO [0 11] A 

*^^&¥^i^<h-r^xh^-r7 p ^«iiK2 o 9&jg 

dcUfc. Xh7^^S i Nx«!gJl£2 0 9<Z)tit«tt 
2umtU ^ h7< ^ttO«8R2 0 9©«^U^ 
-XfHfiStt*?l3 5 0 Mm<hbfCo 
[0 0 9 9] ±MV>7s h^-i^O)S i Nx{#SS)H2 0 
9©Mfll*CMOCVDj*S:fflV^fca«/S»»CctO, JS£ 
1. OMmCOnSyAlo.5Gao.5As (SiK-^:n 
= 1X1 Oi8cm-3) )5^&51Si!^Dy^I2 1 OR 
ZfmZO. 0Um©nS!GaAs«|«»l (S I F 
n = l X 1 Oi8cm-3) 2 1 l&M$Lhtc (EI 5 

(d) ) . z.<Dt%. s i nx«2 0 $<ommz 
(111) b® (BffittAsBs^atWc-rs) 

MtfMl&ZnfZo S i Nx«2 0 9CDX h^-f 

iris [01 1] A*iR»ca*j-r*iitJCcfco, ««r± 

[0 10 0] *B»«<DS i Nx<*ig|&2 0 9 £X 

v^>yfcJ;OI»*Ufc. SiNx8M2 0 9 

<ttSF6> CF4&£©«^SrfflVi&H7>fx^5 L >y 
Srffl^fco SU s MOCVDSl:J:D)IS2. 0 

/im©p$Alo.4Gao.6As (ZnK-y:p=lX 
1 0i«cm-3) 35^WpS82?7v H)B2 1 2RZS 
/PS 3. 0 MmCDplSG a As (ZnH-^:p = 2x 
10i9cm-3) HE2 1 3£J«*S* 

[0 10 1] p»il2 14SI*U S« 

^10 0^m^»<lfetL nifl215af 
U> rn-fbfc (05 (e) ) . ^UTf^LMx 
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iotf^ 0 til U MjBJSWia u-vzim 

V1t. Z<D£%(D&m&&\$7 4 Otfmilfc. MJSStS 
5%-i£5SSS9 5 3 --r 4 >^£j5Sbfc&, 

2#.%mz£Q?y 7lZftm b fz. ?y 9 is 

a>y£>TiNi£bfcf£. 2 5*CT?aj«Bi* (cw) tc 

T««-3tffl*. Lit. 

[0102] ntKM i traattanfc !f-**»tt 

*i#e>n. S5^(I$tt (7 0t, 2 5 OmW©i§i*U. iS5 10 
(±5* (C 43^-5 3 0 0 OPflilJJJUcD^i&ft 5 ) Wl^nS 
Ztmmttz. Sfc. MQ^saiRjqgSfcAOJIMfcb 

fc. 

[0 10 3] ft*. ±g3©MOCVDi&JC*5HT. I I 
I^^fCtth'J^^^f'J^A (TMG) , MJ*? 
JM*>v^A (TMI) 2£tfh U^?^7;i/5-^A 
(TMA) £. VlS^tttT^^^R^^^^ > 

>HCtt^f l *aiB (DEZ) . n*S?h*-A>M;:»4 
S^>7>£ffl^fc. Sit, nSUA UsGao.sAsIU 
1 1 <DI$,&m\Zl*. S i Nx«MBS±^©#'J©lft«* 
MltfiiJT&jfci&C:. HC1^X$HC1/I I I j&cD^Jl/ 
J***0. 12. tlCHCl/TMACtM^O. 2 2 

[0104] (jttaw) «a5««*3B«iit uT«r»«t^ 

5 0mW®^thi^^#e,nfeB#(cCOD^^L. U~ 
[0 10 5] 

«» SSMBifi t -T « C t K «t 0 »nS#fc*«l!MTS * £ 
r©fc«6, *§gBflt4. tf&t*S:« 

(Cj&bT^S. 

[0 10 6] #5SW©¥8#fS3te8B*»jfi-r«>IBK: 

j*-T* c t tc «t o . ^MWmyv > h ©temffiffltt© 
^^©^Hi^to^^T^. JifE©^ 

# — y *^ * ja#a * o 7?^«-r * i t # * ^ t 



[^S©(SJ#7iltt?)3] 

[0 1 ] *3BW©¥*tt»#8B©-3&lfi«©*KiBI 

JSfW<D»fffiHT*-3T, BIOII-I I*K»ofc* 

[S3] HlK*bfc#3^©¥8#B3fcKfi©-£ 
fl£0iJ©8»rB0Ta5-3T. HI ©I I I - II imzto-D 

[04] #»«<D¥WM83t«B©8itxe©-0«£ 

[0 5] #5sw©###j8#3&fi©»j6is©ffi®-- 

[0 6] *5fiW©¥##*itSB©-^ifi«©»tt)B 
©A> zf^-rmX'$> <0 , (a) l4i£«i*£©A*> 

K^w^SsTHT*?), (b) »4«86ftA««©A* 

[0 7 ] *»tBO¥*#»3tfi«lC*»t**-S?i« 
^Jtttt&fflVifcMftlSfftiw-tBT?*?), (a) HJfctfc 
<Dfc«&©&1&©M^geS£^T0T*9. (b) fi#fg 

[08] *5SW©¥*«:»3teS«K:*tt*7*hJVS 
*yfe>X (PL) ffi«:ffl^)t»Jffi^»S:^-r0t?* 
-5. 

[09] *«W©¥»#«3tS«©-^Mi«tlt«« 

[010] #58ffl©**<*5S3fcSSB©-3&ISW©±B 
0T*So 

[011] -««lfc-f >:*— X h 7-f ^«ja**-r*f 
W^©I&hj] 
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